Introduction
The chemistry of geminal diorganometallics is significantly underdeveloped compared with common monofunctional organometallics, despite unusual structural features, chemical bonding and reactivity of these former compound classes [1] . Complexes of methanediides (methandiides) that derive from P-oxidized bis(diphenylphosphino)methane species with electropositive metals have especially attracted widespread interest in recent years [2] [3] [4] [5] [6] [7] [8] . In these complexes, the dianionic bis(diphenylphosphoranyl)methanediide fragment A shows overall delocalization of the charge across the EPCPE fragment with a simplified charge distribution as shown in Figure 1 . This delocalization allows the deprotonation of both hydrogen atoms of the central CH 2 unit of the substituted "methane" pro-ligand with suitable strong bases. Methanediides show several bonding modes containing typically one or two coordinated metal centres [2] [3] [4] [5] [6] [7] [8] . Over the past years, several examples of alkaline earth metal complexes of substituted bis(phosphoranyl)methanides and -methanediides have been forthcoming [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] that show several coordination types B-E, see Figure 1 . Most common is a dimeric Most common is a dimeric structure (B) with central M2C2 four-membered ring and additional M-E coordination, and monomeric complexes (C) with an N,C,N′-chelating methanide ligand and additional donors coordinating to the metal centre. Complex D shows a similar monomeric structure with S,C-chelation of the Mg centre with one P-atom both protected and activated by a coordinating borane group [12] . Complex E is a dimeric methanediide species where the Mg centres are S,S'-chelated by one methanediide ligand and coordinate to the methanediide carbon atom of a second ligand [13] . The metal coordination in the monomeric complexes C and D and the dimeric species E allow for the possibility of a formal C=M double bond, though the interaction has to be considered as predominantly ionic [4] with the majority of electron density residing in carbon-based orbitals. 
Results and Discussion
We targeted the synthesis of a homoleptic Mg complex with the sterically demanding methanediide ligand L 2− (H2L = H2C(Ph2P=NDip)2, Dip = 2,6-iPr2C6H3) [24] , for a number of reasons. Possible outcomes could be both monomeric or dimeric methanediide complexes when the bulk of the ligand and the relative small size of the Mg 2+ cation are considered. In these compounds, the Mg centre(s) could show an environment with a relatively low coordination number and the close proximity of the formally dianionic carbon centre of the methanediide and the dicationic Mg 2+ centre could allow for some interesting activation chemistry of small molecules. Secondly, the Mg•••Mg separation in the known Mg complexes of structure type B (e.g., 2.87 Å for E = NSiMe3) [16] shows a distance similar to those in dimeric magnesium(I) complexes with unsupported Mg-Mg bonds [25, 26] . Thus, a stable dimeric complex may possibly serve as a starting material to a molecule with a supported Mg-Mg bond.
Treating H2L with one equivalent of di-n-butyl-magnesium in a hydrocarbon solvent afforded the heteroleptic methanide complex [HLMgnBu] 1 in good yield, see Scheme 1. The compound is highly soluble in hydrocarbon solvents and, after removal of the solvent, is initially obtained as an oily residue. The compound could be precipitated from n-pentane at low temperatures as a white solid, and some crystals suitable for single crystal X-ray diffraction were eventually obtained from a concentrated solution of 1 in n-hexane at 4 °C. Single crystal X-ray diffraction shows the complex to be monomeric in the solid state with a planar, distorted three-coordinate Mg centre, see Figure 2 . Three-coordinated Mg complexes with terminal nBu-groups are rare and are best described for the β-diketiminate class of ligand that allows some comparison with the sterics of HL − . Comparable monomeric complexes of [{HC(RCNAr)2}MgnBu] with an overall molecular structure similar to 1 
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During the course of this study, three different solvates of [(LMg) 2 ] 2 were structurally characterized and show very similar geometrical features, see Figure 3 . These show Complex 2 to be of structure type B with a central four-membered Mg 2 C 2 ring surrounded by four annulated MgCPN-rings that bend up or down compared with the central Mg 2 C 2 ring in an alternating manner. This feature of five interconnected four-membered rings is slightly more flattened in 2, having sterically demanding Dip-substituents compared with previously characterized examples. The P-N bond distances (ca. 1.63-1.64 Å) and the P-C bond distances (ca. 1.71-1.74 Å) in the methanediide fragments of the three solvates of 2 are of a similar magnitude compared with both methanide and methanediide fragments of related Mg complexes. The Mg-C bond distances in the solvates of 2 show each Mg centre to have one shorter (ca. 2.24-2.28 Å) and one longer (ca. 2.38-2.47 Å) contact each, whereas all Mg-C distances are of the short type in Example B (M = Mg, E = NSiMe 3 : ca. 2.20-2.25 Å) [16] . Thus, the Mg-C coordination approaches the extreme case that was previously found for [L(AlX 2 ) 2 ] [33] . For X 4 = Me 4 and Me 2 I 2 each Al centre is N,C-chelated with a central spirocyclic carbon atom, whereas for X 4 = I 4 one Al-C coordination is lost in favour of a new iodide bridge. This distortion in 2 is likely due to steric reasons imposed by the bulky Dip groups in L 2− . The Mg···Mg separation in 2 is ca. 2.87-2.90 Å.
In order to investigate a route to the likely reaction intermediate [(HLMgH) n ] (n = 1 or 2) at lower reaction temperatures, [HLMgnBu] 1 was treated with pinacolborane (HBpin) in hydrocarbon solvents, a reagent that previously allowed the synthesis of well-defined MgH complexes [34] . This, however, yielded a product mixture with stoichiometric HBpin, including some unreacted 1, and a product mixture with one major L-containing species ( 31 P{ 1 H} NMR resonance: δ 22.8 ppm) if an excess of HBpin is used. As a previously used alternative pathway to an MgH species on a sterically demanding monomeric tris(pyrazolyl)methanide MgnBu complex [35] (17), (14), P(4)-C(2)-P(3) 125.13 (19) , N(3)-P(3)-C(2) 100.99 (14) , N(4)-P(4)-C(2) 104.70 (14) . The spectroscopic data for Complexes 1-3 are largely as expected and are in support of their solid-state structures. The 1 H NMR spectrum of the n-butyl complex 1 shows one sharp septet for the methine isopropyl hydrogen environments and a broadened region for the methyl groups at 30 °C; this sharpens to one broadened singlet at 60 °C. In line with the lower symmetry of the ligand environment, Complex 2 shows two septets and four doublets for the protons of the iPr groups. Once crystallized, Complex 2 shows a relatively low solubility and NMR spectra were conveniently recorded at 60 °C. At this temperature, all septets and doublets appear as sharp resonances in 1 H NMR spectra. Complex 3 shows one sharp septet and two sharp doublets for the protons of the iPr groups, as was found for [HLAlMe2] [33] , and a very broad resonance (δ ca. 4.9) for the Al-H units.
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The IR spectrum of 3 shows two strong bands (1819 and 1777 cm −1 ) for the Al-H stretches. The methanide CH units in Compounds 1 and 3 appear as singlets at δ 1.77 (1) and δ 2.00 (3) in their 1 H NMR spectra and show that the 2 JP,H coupling constants are small and not resolved in this complex geometry. The 13 C{ 1 H} NMR spectra of Compounds 1 and 3 do show the expected triplets for the The spectroscopic data for Complexes 1-3 are largely as expected and are in support of their solid-state structures. The 1 H NMR spectrum of the n-butyl complex 1 shows one sharp septet for the methine isopropyl hydrogen environments and a broadened region for the methyl groups at 30 • C; this sharpens to one broadened singlet at 60 • C. In line with the lower symmetry of the ligand environment, Complex 2 shows two septets and four doublets for the protons of the iPr groups. Once crystallized, Complex 2 shows a relatively low solubility and NMR spectra were conveniently recorded at 60 • C. At this temperature, all septets and doublets appear as sharp resonances in 1 H NMR spectra. Complex 3 shows one sharp septet and two sharp doublets for the protons of the iPr groups, as was found for [HLAlMe 2 ] [33] , and a very broad resonance (δ ca. 4.9) for the Al-H units. The IR spectrum of 3 shows two strong bands (1819 and 1777 cm −1 ) for the Al-H stretches. The methanide CH units in Compounds 1 and 3 appear as singlets at δ 1.77 (1) and δ 2.00 (3) in their 1 H NMR spectra and show that the 2 J P,H coupling constants are small and not resolved in this complex geometry. 2 ] though required a second equivalent of AlMe 3 at ca. 100 • C to achieve the methanide to methanediide conversion [33] .
The thermal lability of putative [(HLMgH) n ] and the respective stability of [HLAlH 2 ] 3 may highlight differences in these early main group metal hydride species [36] . MgH complexes are expected to have more ionic M···H interactions compared with more polar covalent AlH systems. Significantly fewer MgH complexes have been reported compared with AlH complexes, and the former ionic class is more reliant on suitable protecting ligands to prevent decomposition reactions and suppress redistribution equilibria that form insoluble MgH 2 through precipitation (c.f. the Schlenk equilibrium). In comparison, AlH complexes can be thermally stable with suitable sterically demanding ligands. With small or more weakly coordinating ligands, AlH 3 complexes rather decompose in a redox reaction to give Al metal and H 2 at elevated temperatures. This trend is also found for the decomposition temperatures of the bulk solids to the elements where MgH 2 shows a higher decomposition temperature by ca. 180 • C compared with AlH 3 [37] . In this respect, it is worth mentioning that H 2 elimination from a β-diketiminate-stabilized Mg 8 The methanediide complex 2 with two Mg centres in distorted tetrahedral coordination environments does not appear to coordinate strong neutral donor ligands. It can be recrystallized in an uncoordinated form from neat THF and from a benzene solution that contains an excess of DMAP (4-dimethylaminopyridine). Methanediide complexes of L 2− with heavier alkaline earth metal ions are known to form monomeric complexes with THF coordination, structure type C, for comparison [18, 19] . The larger ionic radii of the heavier Group 2 metals likely allows for the accommodation of an N,C,N coordination mode to balance charges. Interestingly, the PS/PBH 3 stabilized methanediide fragment in D achieves this for Mg with an S,C-chelating ligand and a short Mg-C distance of 2.113(4) Å [12] .
We reacted Complex 2 with an excess of dry ammonia at low temperatures and stirred the mixture at room temperatures overnight. This afforded the bis(iminophosphoranyl)methane proligand H 2 L as the only soluble product and an unidentified insoluble residue, see Scheme 3. IR spectroscopy on the latter revealed no obvious or identifiable characteristic bands due to NH or NH 2 groups. Attempts to reduce Compound 2 having two Mg 2+ ions separated by ca. 2.87-2.90 Å have so far met with failure. The use of K or KC 8 in combinations of benzene or toluene with TMEDA (N,N,N ,N -tetramethylethylenediamine) or THF lead to some purple-brown coloured solutions. From these, some large light purple crystals that were analyzed by single crystal X-ray diffraction and NMR spectroscopy as consisting of Starting Material 2, likely with a minor coloured impurity, were obtained. Harsher reduction conditions have not yielded a new isolable compound so far. 
Experimental Section

General Considerations
All manipulations were carried out using standard Schlenk line and glove box techniques under an atmosphere of high purity dinitrogen or argon. Benzene, toluene, n-pentane, n-hexane, THF and diethyl ether were either dried and distilled over molten potassium, or taken from an MBraun solvent purification system and degassed prior to use. 1 H, 13 C{ 1 H}, and 31 P{ 1 H} NMR spectra were recorded on a Bruker Avance 300, Avance 400, or AVIII 500 spectrometer (Billerica, MA, USA) in appropriately dried deuterated benzene or toluene, and were referenced to the residual 1 H or 13 C{ 1 H} NMR resonances of the solvent used, or external aqueous H3PO4 solutions. IR spectra were recorded using a Perkin Elmer RXI FT-IR spectrometer (Waltham, MA, USA) as Nujol mulls between NaCl plates. Melting points were determined in sealed glass capillaries under dinitrogen and are uncorrected. Elemental analyses were performed by the Elemental Analysis Service at London Metropolitan University. H2L [24] was prepared according to literature procedures. All other reagents were used as received from commercial suppliers.
Syntheses of Complexes 1-3
[HLMgnBu] 1: Mg(nBu)2 (1.087 mL of a 1.0 m solution in heptane, 1.087 mmol 1.05 equiv.) was added to a cooled (−80 °C) solution of H2L (0.760 g, 1.035 mmol) in toluene (30 mL). The mixture was stirred whilst warming to room temperature and stirred for a further two hours, at which point all volatiles were removed under vacuum. The oily residue consists of [HLMgnBu] 1 in essentially quantitative yield as judged by 1 H and 31 P{ 1 H} NMR spectroscopy, and can be used for further reactions. The residue was further extracted by stirring with n-pentane (25 mL) to afford 1 as a white solid. The mixture was filtered, and the solution concentrated to ca. 10 mL and was stored at −40 °C to afford a second crop of 1 as a white solid. This material shows no significant improvement in purity compared with the oily residue, though can be easier to handle. Some crystals of 1 that are suitable for single crystal X-ray diffraction were in one instance obtained from a concentrated solution of 1 in n-hexane at 4 °C after several weeks. Yield: quantitative as an oily residue, or 0.412 g (51%) as a white solid. NMR data for 1 from an aliquot at two different temperatures: 1 
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X-ray Crystallography
Suitable crystals were mounted in silicone oil and were either measured using a Rigaku FR-X Ultrahigh brilliance Microfocus RA generator/confocal optics and Rigaku XtaLAB P200 diffractometer (1) using the CrystalClear (Rigaku) program suite [39] , or at the MX1 and MX2 beamlines [40] at the Australian Synchrotron (all other structures) with synchrotron radiation with a wavelength at or close to Mo Kα radiation (λ = 0.71073 Å). All structures were solved by direct methods and refined by full-matrix least-squares against F 2 using SHELXL [41] . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in calculated positions (riding model), except for the Al-H atoms in Compound 3, which were freely refined. Multiple attempts were made to model the apparent positional disorder in the n-butyl chain in 1; however, none of these resulted in satisfactory behaviour of the thermal ellipsoids. From examining the packing of the complex, it is apparent that there is volume available for the n-butyl chain to be positioned in, such that refinement of discrete orientations is likely impractical. In 2 , one benzene molecule in the asymmetric unit is disordered and was modelled using two positions for each atom (54% and 46% parts). Geometry restraints were applied to the refinement of all benzene lattice molecules in 2 . Severely disordered solvent of crystallization was partially (2 ) or fully (2 ) removed using the PLATON/SQUEEZE routine [42] .
Further experimental and refinement details are given in the crystallographic information files. CCDC 1540806-1540810 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge via https://www.ccdc.cam.ac.uk/structures/ (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +44-1223-336033; E-mail: deposit@ccdc.cam.ac.uk). 
Conclusions
In conclusion, we have successfully synthesized and characterized the Mg and Al complexes 
